ABSTRACT: This paper presents an Internet-based design collaboration of multi-disciplinary teams for the development of a Building Information Modeling (BIM) model. The network allows geographically separated design teams to work simultaneously on a single shared BIM model, using a distributed system to achieve design integration and conflict resolution. A synchronous collaborative design platform for inter-disciplinary collaboration was developed in this study. By using the proposed platform, the members of various design teams can be connected via the Internet to work in the same virtual design space, where they can see the progress of other teams' work and cooperate in real-time. All design data is centrally maintained in a database to provide secure and systematic data management. A hybrid Client-Server and Peer-toPeer (P2P) network model was proposed for such design collaboration. The network has two levels. Inter-disciplinary teams are linked in a Client-Server network; within intra-disciplinary members, individual team members are linked in a P2P
INTRODUCTION
The construction industry has the characteristics of product specialization, customization and the need for interdisciplinary teamwork. Each construction project requires building its own unique model using the Computer-Aided Design (CAD) program, which is a time-consuming and labor-intensive job, and requires teamwork and collaboration. People from different disciplines build engage in inter-disciplinary collaboration through which they integrate the specialized and common design parameters from each other. With the growing need to advance the development of the construction industry information system and to efficiently manage the construction model building, Building Information Model (BIM), a model to describe a construction model, is developed. BIM relates actual building components to the CAD model. The model therefore not only contains 2D and 3D graphics parameters, but also has the design attributes related to different fields and stages of the construction project [1] . Due to these advanced features, the development of a BIM model requires multi-disciplinary teams to cooperate on integrating their designs.
Different stages of the construction project (A/E/C, Architecture/Engineering/Construction) all require the participation and collaboration of specialists from different areas. Therefore, it is important for the team members to communicate and share the information while customizing the BIM model. Currently, however, the common BIM collaborative design model for inter-disciplinary collaboration is achieved by exchange and combination of the design files. When building the BIM model for every particular discipline, teams from different disciplines work individually at separate geographic locations and use various specialized software. Therefore, for a single construction project, there exists various BIM models from different disciplines, and all these different BIM models need to be combined into a single BIM model. Thus, the integration of BIM models is asynchronous [2] . During the inter-disciplinary collaboration process, numerous design parameters need to be set. Most of the parameters need to be discussed and determined by more than one team. When combining the individual BIM models into a single BIM model on relevant software platforms, the design parameters of different disciplines are likely to conflict with each other. Due to dependency between a number of design parameters and the lack of information on each team's design progress and details, resolving the conflicting parameters consumes a large amount of time and human resources.
In recent years, with the continuous development of Internet-related technology and the increase of network bandwidth, the distributed network system now can economically provide support to long-distance real-time operations. This revolutionarily transforms the modes of organizational communication, resource exchange and corporate collaboration. Some researchers have utilized web-related technologies in CAD to allow real-time synchronous collaboration between users over the web [3] .
With regards to the above-mentioned problem in integrating the individual BIM models from different disciplines，since the Internet is an ideal medium to support distributed teamwork for communication and exchange of design data.
The goal of this study is to leverage on Internet technology to create a collaborative design environment which allows all connected teams to work together in the same virtual space, integrating their discipline-specific designs into a single BIM model. In this environment, each online user can add their individual contributions to the model, and also view the progress of one another's work in real-time.
The workflow of multi-disciplinary design collaboration in construction projects is shown in Figure 1 . Only one team works on the design at a time and each team has a group of members to share the work and cooperate concurrently.
When one team completes their design, the design is then transferred to the next team for further design work. If any change in design is required, the design will be returned to the previous team for adjustment. 
OBJECTIVE
Considering the inter-disciplinary design attributes and parameters in the BIM model, and the collaborative operation model, the objective of this paper is to study the focuses on all the participants in the entire design process.
Moreover, the study is based on the analysis of the job assignment and collaboration between each participant. It establishes the network operation model for different participants to collaborate and the method to eliminate conflicts among the inter-disciplinary teams, enabling the inter-disciplinary teams and intra-disciplinary members to coordinate and integrate the design parameters on the shared platform. This leads to the development of an optimal integrated and unified BIM model.
SYSTEM REQUIREMENTS
In this study, the relevant functions and architecture plan of a system platform for inter-disciplinary design collaboration for BIM model development were proposed for developing a prototype system. Starting from the system development perspective for fulfilling the functional requirements, some operational mechanisms of the system were proposed as the basis of implementation.
Sub-model
In order to improve the efficiency of the construction process and increase the data transfer speed, a tier of submodels between the components and the BIM model was already completed some of the sub-models, they will be able to deliver these sub-models to the successor team, so the efficiency of network-based inter-disciplinary collaboration can be greatly improved.
Online/Offline Mechanism
In the Client-Server network model for inter-disciplinary 
Data Synchronization
In the data management aspect, for the inter-team part, the To ensure that a lock on an object will not be granted to more than one user at any one time, a locked object cannot be requested until its owner releases its lock. To ensure all the locked objects belong to an owner, a peer automatically releases all its locks on objects immediately before leaving the group.
Data Transmission and Communication Protocols
In both the inter-disciplinary and intra-disciplinary online collaboration environments, inter-team or intra-team exchange of BIM model data is very frequent. The global server, local servers and peers in the teams will receive and process data from different sources at the same time.
Therefore, the proposed system in this study employs multithread processing for data from different sources. The global server, local servers and peers can receive data from different sources simultaneously and process them accordingly. Different threads will not interfere with each other. The multi-thread capability included in Java can be used to fulfill this goal by creating multiple threads to run concurrently, and each thread has a connection to another peer. For the inter-disciplinary teams, the data transmission of model objects is managed by the global server. Each disciplinary team has a local server that is always online and in charge of sending real-time model data to the global server and receiving updated model data from it. In the intra-disciplinary team, each peer connects to other peers using the Application Level Multicast (ALM) technique in the P2P network. In the ALM, data is transmitted through the tree-structure overlay network composed of unicasts between nodes in a multicast group, so that the transmission efficiency is improved.
Version Management
The BIM model version management function and mechanism proposed in this study can effectively manage BIM design data generated in the inter-disciplinary team collaboration, and enhance the efficiency of interdisciplinary teams' communication, and data recoverability.
When each disciplinary team finishes their design and delivers it to the successor team, the global server will automatically keep a record of the delivered sub-model.
Therefore, there will be several backups of multi- 
SYSTEM IMPLEMENTATION
The proposed system can be thought of as a fusion of a CAD program, a communications program, and Web connection program. The proposed system architecture is a four-tier system, as shown on Figure 3 . Fig. 3 The object model of the proposed prototype system.
CONCLUSIONS
This paper proposes a hybrid network which allows for coordination of interdisciplinary teams in BIM. This and will help to improve overall project efficiency.
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